The aim of this study was to analyze compounds from the methanolic extract of fruits of Helicteres isora for antidiabetic activity. Sanguinarine, berberine chloride (BC) and muscimol were found to be as major compounds in the methanolic fruits extract of H. isora. BC was isolated from the methanolic fruit extract of H. isora by using HPLC and other compounds were commercially acquired. Diabetes was induced in rats by a single dose of intraperitonial injection of streptozotocin (STZ). Sanguinarine (50 mg/kg b.w), BC (50 mg/kg b.w) and muscimol (50 mg/kg b.w) were evaluated by Oral Glucose Tolerance Test (OGTT) in normal and STZ induced diabetic rats. Among the three compounds, BC significantly reduced the blood glucose levels when compared to sanguinarine and muscimol. The OGTT study clearly indicates, BC possess promising antidiabetic activity against STZ induced diabetic rats.
INTRODUCTION
The Oral Glucose Tolerance test (OGTT) measures the body's ability to use a type of sugar, called glucose that is the body's main source of energy. OGTT, a test of immense value and sentiment, in favor of using fasting plasma glucose concentration alone was seen as a practical attempt to simplify and facilitate the diagnosis of diabetes. Hyperglycemia is an important factor in the development and progression of the complications of diabetes mellitus (Luzi, 1998) . Diabetes is becoming the third 'killer' of mankind, after cancer and cardiovascular diseases, because of its high prevalence, morbidity and mortality (Kim et al., 2006) . The International Diabetes Federation (IDF) estimates the total number of diabetic subjects to be around 382 million and this is further to be set to rise to 592 million by the year 2035 (IDF, 2013) . Currently available therapies for diabetes include insulin and various oral antidiabetic agents such as sulfonylureas, biguanides and glinides. Many of them have a number of serious adverse effects; therefore, the search for more effective and safer hypoglycemic agents is one of the important areas of investigations (Patel et al., 2012) . Many herbs and plants have been described as possessing hypoglycemic activity when taken orally (Rajan et al., 2012) . H. isora is a large arborescent shrub of the family Sterculiaceae and it is commonly called as East-Indian screw tree (Drymock et al., 1890) . It is used as an anthelmintic, antispasmodic, antipyretic, antidiarrheal, antidysenteric (Al Yahya, 1986) . The fruits of H. isora have also been reported to possess antidiabetic activity (Boobathy raja et al., 2010) . According to Elanchezhiyan et al, (2014) methanolic extract of H. isora fruits possess three major compounds, i.e., sanguinarine, BC and muscimol. Hence, this investigation was designed to identify the most promising antidiabetic compound from the methanolic extract of fruits of H. isora by OGTT.
MATERIALS AND METHODS

Collection & Preparation of Plant Material
The fruits of H. isora were collected in the month of January 2015 from the natural habitats of Tirunelveli, Tamil Nadu, India. The plant was identified at the herbarium of Department of Botany, Annamalai University.
A voucher specimen (Herbarium No. DDE/HER/65) was deposited in the Department Herbarium for future reference.The fruits were washed three times thoroughly with running tap water to remove soil particles and adhered debris and finally with sterile distilled water. The fruits were cut, shade dried, ground into fine powder and stored in airtight container for further use.
Plant Extraction Method
A cold extraction method was followed. Portions (100g) of the fresh and dry samples were weighed, added to conical flasks containing 1000 ml of methanol and left for 48 h. The mixtures were filtered under vacuum pressure and the filtrates were concentrated using rotary evaporator and subjected to the various activity studies.
Isolation and Identification of Active compound from fruits of H. isora through HPLC
Our previous work has shown that the methanolic crude extract of fruits of H. isora was having antidiabetic activity when compared to chloroform, acetone, ethyl acetate and ethanol extracts (Elanchezhiyan et al., 2014) . The major compounds were identified from H. isora methanolic extract by GC-MS (Elanchezhiyan et al., 2014) . The major compounds, sanguinarine (Nanjing Zelang Medical Technology Co., Ltd) and muscimol (Sigma-Aldirich) were procured commercially, whereas, BC was purified from the methanolic extract using semi preparative HPLC (Shimadzu LA-2000) using C18 Reverse Phase Column and as a mobile solvent phase of Acetonitrile/ 0.1% TFA water (60:40).
Animals
Healthy male albino Wistar rats weighting180-200g were used for this experiment. During the experimental period, standard pellet diet provided to rats and water ad libitum. 
Induction of diabetes
Diabetes was induced in rats by intraperitonial injection of a freshly prepared solution of STZ (50 mg/kg b.w) in citrate buffer (0.1M; pH 4.5). After the three days STZ induced rats were having fasting blood glucose above 230 mg/dl were considered as diabetic that animals were used for further study.
Oral Glucose Tolerance Test (OGTT)
A total of 36 rats was used in this experiment and divided into six groups, each group consists of 6 rats. Sanguinarine was dissolved in DMSO (0.5%) and BC, muscimol and glibenclamide was dissolved in water.
Group 1-Normal Control rats Group 2-Diabetic Control rats Group 3-Diabetic + Sanguinarine (50 mg/kg b.w) Group 4-Diabetic + BC (50 mg/kg b.w) Group 5-Diabetic + Muscimol (50 mg/kg b.w) Group 6-Diabetic + Glibenclamide (6mg/kg b.w) After1 hour of drug administration, the rats of normal and diabetic groups were orally treated with 2g/kg of glucose. The blood samples were collected from all the rats from the tail vein at 0, 30, 60, 90, 120 minutes. The blood glucose level was estimated by the method of Trinder, (1969).
Statistical analysis
Values are given as means ± S.D. for six rats in each group. Data were analyzed by one-way analysis of variance followed by Duncan's Multiple Range Test (DMRT) using SPSS version 15 (SPSS, Chicago, IL). The limit of statistical significance was set at p< 0.05.
RESULTS AND DISCUSSION
Diabetes mellitus of long duration is associated with several complications such as atherosclerosis, myocardial infarction, neuropathy, etc. These complications has long been assumed to be related to chronically elevated blood glucose levels. Diabetes mellitus causes disturbances in the uptake of glucose as well as glucose metabolism. STZ induced diabetic model very useful to study the activity of hypoglycemic agents (Szkuclelski, 2001) . The experiment showed that the OGTT measures the body's ability to use glucose, the body's main source of energy (Gold, 1970) . This test can be used to diagnose pre-diabetes and diabetes. The active compound BC was purified from the methanolic extract of H. isora fruits with Retention time of 13.51 and it was confirmed by comparing it with that of commercially available BC ( Fig. 1 & 2) . Table 1 illustrates the effect of sanguinarine, BC and muscimol on normal and experimental animals. In diabetic control group shows the increased level of blood glucose when compared to normal control rats. The blood glucose levels were significantly decreased in BC treated groups when compared with sanguinarine and muscimol treated groups. BC reduced blood glucose levels were similar to that of glibenclamide treated groups.
Thus, this experiment clearly shows that BC possesses antidiabetic activity and the activity was comparable to that of glibenclamide. Some phytochemical compounds such as polysaccharides, terpenes, tannins, steroids and alkaloids have been implicated in the antidiabetic activities of plants (Wadood et al., 2003; Koyama et al., 2004) . H. isora fruits and plant extracts have been previously reported to possess antidiabetic activities (Gupta et al., 2009; Kumar and Singh, 2014; Dayal et al., 2015) . Phytochemical analysis of the methanolic extract of H. isora fruits revealed the presence of three major constituents; sanguinarine, BC and muscimol, which could be responsible for the antidiabetic activity. Among the three compounds, BC possess highest antidiabetic activity, as observed from the results of oral glucose tolerance test. The antidiabetic activity of BC, an alkaloid, was comparable to the results presented by Sharma et al, (2010) . Glibenclamide has been used for many years to treat diabetes, which bring out hypoglycemic condition by increased insulin secretion from remnant pancreatic β-cells (Dongare et al., 2012) . Thus, from this study, it is evident that a reduction in blood glucose levels by BC was comparable to that of blood glucose lowering effects of glibenclamide in STZ treated rats.
CONCLUSION
Among the three treatment compounds, sanguinarine, BC and muscimol, BC showed prominent glucose lowering effects. Hence, this result clearly demonstrates, that H. isora fruits showed antidiabetic activity due to the presence of BC in its fruits. Further studies need to be carried out to identify the mechanism of action and the long term effects of BC, extracted from H. isora fruits, on mammalian diabetic models.
